Type 2 diabetes mellitus (T2DM) accounts for 90 per cent of diabetes cases worldwide. Over the past 30 years, the status of diabetes has changed from being considered as a mild disorder of old age to one of the major causes of morbidity and mortality affecting the young and middle-aged people. It has been estimated that in India 101.3 million people would be suffering from diabetes by 2030[@ref1].

In recent years, evidences have shown that T2DM is associated with a subclinical systemic inflammation attributable to the dysregulation of innate immune system[@ref2]. This immune response is characterized by elevated blood levels of certain acute phase markers, the principal mediator being interleukin-6(IL-6)[@ref2]. Augmented levels of IL-6 are associated not only with T2DM but also with impaired glucose tolerance (IGT), indicating a potential role of this cytokine in its aetiology[@ref3]. A high rate of plasma clearance of IL-6 suggested that concentration is regulated at the levels of transcription and translation[@ref4]. Studies on single nucleotide polymorphisms (SNPs) in the promoter region of *IL-6* gene in different populations worldwide suggested its possible role in T2DM susceptibility ([Table I](#T1){ref-type="table"}). Therefore, we attempted to analyze the association of two *IL-6* promoter polymorphisms *viz*. -597 A/G (rs1800797) and -174 G/C (rs1800795) with T2DM patients from north India.

###### 

Variants of *IL-6* gene and their association with T2DM in different populations
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Material & Methods {#sec1-1}
==================

*Patient selection and clinical evaluation*: T2DM cases (n=213; 128 males; 85 females) with an age ranging from 22-76 yr were randomly enrolled from the outpatient Diabetes Clinic of King George\'s Medical University (KGMU), Lucknow, India, according to the National Diabetes Data Group (NDDG) and World Health Organization (WHO) inclusion-exclusion criteria[@ref18]. Age/sex-matched normal controls (n=145; 96 males; 49 females) were screened from healthy staff members of both KGMU and University of Lucknow during January 2011 to January 2012. Sample size was calculated using QUANTO software, USA using 2 tailed analysis (Power: 90; Disease prevalence: 3%; error: 5%). The study was approved by the Institutional Ethical Committee of KGMU and a written informed consent was taken from all subjects enrolled in the study. Plasma glucose (Fasting blood sugar; FBS and Post-prandial; PPBS) (mg/dl) and lipid profile *viz*. total cholesterol (TC), triglycerides (TGL), high density lipoproteins (HDL) and serum creatinine (SCRT) were estimated using commercially available Ecoline kits (Merck, Germany) by UV-Vis spectrophotometer followed by low density lipoproteins (LDL) and very low density lipoproteins (VLDL) LDL and VLDL were calculated by known formulae. Height, weight and waist circumference were measured to calculate body mass index (BMI) and waist hip ratio (WHR).

*DNA extraction and genotyping by PCR-RFLP*: Blood samples (5 ml) were collected in 0.5M ethylene diamine tetra acetic acid (EDTA) and genomic DNA was extracted using the salting out method with slight modifications[@ref19][@ref20]. DNA was amplified with primers specific for -597 A/G (rs1800797) and -174 G/C (rs1800795) ([Fig. 1](#F1){ref-type="fig"}) in a 15μl reaction mixture containing 100 ng of template DNA, buffer (100 mM Tris, *p*H 9.0; 500 mM KCl; 15 mM MgCl~2~; 0.1% gelatin), 200μM deoxynucleotide triphosphate (dNTP), 10pmol of each primer (Integrated DNA Technologies, USA) and 1.5 units Taq DNA polymerase (Banglore Genei, India). PCR for -597 A/G (rs1800797) was performed in 35 cycles (95°C for 30 sec; 61.5°C for 40 sec and 72°C for 50 sec) and -174 G/C (rs1800795) in 44 cycles (95°C for 30 sec; 57°C for 30 sec and 72°C for 60 sec) with an initial denaturation at 95°C for 5 min and a final extension at 72°C for 10 min. The PCR products were digested with respective restriction enzymes (FokI and NlaIII, Fermentas, USA) and electrophoresed on 12 per cent polyacrylamide gel. To ensure the quality of genotyping, random duplicates were performed in 20 per cent of the samples and 98 per cent concordance was found.

![Schematic representation of promoter region of *IL-6* gene from -600 to +1. Nucleotide sequence shown in text box, the 5' and 3' primers for -597A/G SNP are shown in blue while those for -174G/C are shown in red. GATG, FokI recognition site; \*, Nla III restriction site; AP-1, activator protein-1; NRD, negative regulatory domain; CRE, cAM*P* responsive element; GRE, glucocorticoid responsive element; TATA, TATA box; NF-kB, nuclear factor - kB.](IJMR-140-60-g002){#F1}

*Statistical analysis*: Allele frequencies and carriage rates were compared in controls and T2DM patients using 2×2 contingency table. Genotype frequencies were compared using 2×3 contingency table by Fisher\'s exact test. Carriage reates were calculated to know the inheritance frequency of individual alleles involved in disease manifestation. The Hardy-Weinberg equilibrium at individual locus was assessed by chi-square (χ2) statistics using SPSS (v15.0) Inc., USA. Student t-test and multivariate logistic regression analysis were performed for anthropometric and biochemical parameters of each genotype. Bonferroni correction was carried out for multiple testing camparisons. Haplotypes were analyzed by SHEsis software[@ref21].

Results {#sec1-2}
=======

The association between clinical/biochemical parameters of controls and T2DM patients showed a significant difference in FBS, PPBS, TC, TGL, HDL, LDL and VLDL (*P*\<0.001) ([Table II](#T2){ref-type="table"}). The *IL-6* -597 A/G (rs1800797) and -174 G/C (rs1800795) polymorphisms were successfully genotyped in 213 T2DM cases and 145 healthy controls. Results of genotypic patterns by PCR-RFL*P* are shown in [Fig. 2](#F2){ref-type="fig"}. The allele and genotype frequency distributions and carriage rates of both polymorphisms are shown in [Table III](#T3){ref-type="table"}. All frequencies were found to be in Hardy-Weinberg equilibrium (HWE).

###### 

Clinical characteristics of controls and T2DM cases
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![Polyacrylamide gel (12%) photographs of PCR-RFLP products (amplicons digested with restriction enzymes) depicting the genotypes of IL-6 polymorphisms. **A**. PCR products with IL-6 -597 A/G SNP digested with FokI showing the genotypes AA (527 bp) and GA (527 and 461 bps). **B** PCR products with IL-6-174 G/C SNP digested with NlaIII showing the genotypes GG (213 bp) and GC (213 and 135/131 bps). M1, ΦX174/HinfI digest; M2, 100bp Ladder; M3, 50bp Ladder; UD, Undigested.](IJMR-140-60-g004){#F2}

###### 

Distribution of genotype, allele frequencies and carriage rates of *IL-6* -597 A/G and -174 G/C polymorphisms among controls and T2DM cases
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In case of *IL-6* -597 A/G (rs1800797), no genotypic and allelic association was observed in the present study. Genotype GG of -597 A/G was rare in both controls and T2DM cases (2.86 and 4.70 %, respectively) while, GA accounted for 20.00 and 16.43 per cent in controls and T2DM cases, respectively. Individuals with AA genotype were major in our population. No association was observed in carriage rates of 'A' and 'G' alleles in controls and T2DM cases ([Table III](#T3){ref-type="table"}).

*IL-6* -174 G/C (rs1800795) polymorphism showed significant genotypic and allelic associations (*P*\<0.001; 0.006) while, CC genotype was rare and GG was most prevalent in our population. GC genotype was present in 14.48 per cent controls and 21.60 per cent T2DM cases ([Table III](#T3){ref-type="table"}). The carriage rate of 'G' showed significant association (*P*\<0.001; OR 0.127; CI 0.042-0.384) with T2DM when compared to controls but 'C' allele showed no association ([Table III](#T3){ref-type="table"}).

Analysis of genotypic associations with biochemical parameters using multivariate logistic regression showed that subjects with GG genotype had significant association with TC, TGL, LDL and VLDL (*P*=0.005, 0.021, \<0.001 and 0.021 respectively). In case of 'GA' of -597 A/G polymorphism, significant association was observed with age, BMI, FBS, PPBS, TC, TGL, LDL and VLDL while AA showed significant association with all clinical parameters except age, BMI, WHR and SCRT ([Table IV](#T4){ref-type="table"}). None of the genotypes showed association with WHR and SCRT. GG genotype of *IL-6*-174 G/C polymorphism showed significant association with FBS, PPBS, TC, TGL, HDL, LDL and VLDL. While GC showed significant association with all biochemical parameters except total cholesterol and CC showed significant association with FBS, PPBS and LDL ([Table IV](#T4){ref-type="table"}). In haplotypic analysis, -597G\* and -174C\* allele combination showed significant association (*P*=0.010). The 'D' and r[@ref2] values were calculated in haplotypic analysis and found to be 0.070 and 0.004, respectively. Another important observation was that the combination of -597G\* and -174G\* alleles also showed upto 1.5 times increased risk of developing T2DM ([Table V](#T5){ref-type="table"}).
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Association of anthropometric/biochemical parameters with *IL-6* -597 A/G and -174 G/C genotypes
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###### 

Distribution of haplotypes of *IL-6* genotypes in controls and T2DM cases
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Discussion {#sec1-3}
==========

Earlier studies on the association of -597 A/G (rs1800797) and -174 G/C (rs1800795) SNPs with T2DM and insulin resistance (IR) have demonstrated varied results among different populations. Analyses of small cohorts of native Americans and Spanish Caucasians showed the 'G' allele of -174 G/C SNP to be associated with higher risk of T2DM[@ref22], but this SNP was not linked with diabetes in the Finnish Diabetes Prevention Study (DPS)[@ref23]. In another study, non diabetic subjects showed an association of *IL-6*-174 C/C genotype with higher insulin sensitivity[@ref14][@ref24]. However, neither this nor -597 A/G polymorphism was investigated in detail with respect to diabetes status, parameters of metabolic syndrome and subclinical systemic inflammation in comprehensive, population-based studies.

A Korean population was screened for *IL-6* gene promoter polymorphisms *viz*. -174G/C, -572C/G, -597G/A and -1363G/T and correlated with serum concentrations of IL-6 and high-sensitivity C-reactive protein (hs-CRP)[@ref25]. The study suggested that the *IL-6* -572G/G genotype was associated with higher serum IL-6 and hs-CRP concentrations and increased risk for T2DM. A significant interaction has been identified between body mass index (BMI) and rs1800795 polymorphism of the *IL-6* gene that influences both insulin resistance and onset of T2DM. The obese individuals homozygous for the 'C' allele demonstrated the highest level of IR and greatest risk of T2DM[@ref3]. Moreover, FBS and PPBS showed significant association with all genotypes except GG of -597 A/G (rs1800797). However, genotypes of -597 A/G (rs1800797) showed significant associations with TC and only GG genotype of -174 G/C (rs1800795) showed significant association with TC. In case of HDL only AA of -597 A/G (rs1800797) and GG/GC showed significant association. GA genotype of -597 A/G (rs1800797) showed significant associations with age and BMI and no other genotypes of -174 G/C (rs1800795) and -597 A/G (rs1800797) showed any significant association with age & BMI. The similar negative association of WHR and SCRT was observed with genotypes of -597 A/G (rs1800797) and -174 G/C (rs1800795). The prominent finding in respect to biochemical parameters was that LDL showed significant association with all genotypes of both -597 A/G (rs1800797) and -174 G/C (rs1800795) gene polymorphisms while TGL and VLDL showed association with all genotypes except CC genotype of -174 G/C (rs1800795).

Genotyping in the present study showed that unlike -597 A/G, the -174 G/C SNP was significantly associated with T2DM in north Indian population. Our -174 G/C (rs1800795) results were in support of the metagenomic study in an Indian population[@ref26] which showed the prevalence of GG genotype. 'C' allele and CC genotype at -174 G/C SNP were found to be protective for diabetes as frequency of this genotype was more in control. Haplotype analysis showed that in combination, the -174C\* with -597G\* allele increased the risk and susceptibility of developing T2DM in the north Indian population. The results showed that the allele 'G' was involved in disease prevalence and manifestation. No significant association of genotypes, allele and carriage rates was observed in -597 A/G (rs1800797) polymorphism. However, in case of -174 G/C (rs1800795) genotypic and allelic frequencies showed significant association. The carriage rate of 'A' allele of -174 G/C (rs1800795) also showed significant association. However, it is important that the study groups are matched with respect to age, degree of obesity, glucose tolerance and sex distribution[@ref5][@ref27].

The power for analyzing binary traits of *IL-6* -597 A/G (rs1800797) polymorphism associated with T2DM in this study was the major limitation of our study. *IL-6* -174 G/C (rs1800795) polymorphism has been studied in T2DM and other diseases as well as with pre and post disease complications in almost all ethnic groups and has shown controversial results. Moreover, till now only a few studies on -597 A/G (rs1800797) gene polymorphism have been reported and showed negative correlation with T2DM[@ref28].

Our data suggest that *IL-6* gene polymorphisms play a prominent role in determining susceptibility to T2DM. The present study provides a lead to the contribution of cytokine gene heterogeneity to the susceptibility and development of T2DM but it is essential to find out the degree of association in an individual population.
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